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In the course of experiments on skin metabolism, it was decided to destroy
in part the primary respiratory mechanism by storing the tissue at icebox
temperature overnight. However, the results indicated no diminution in
respiration.
A study of the literature reveals that very little work has been done on the metabolism
of adult tissues over a prolonged period after excision. It is well known that tumor tissue
can be kept for several days after excision with no change in its glycolytic action; and that,
on transplantation, the resulting growth is just as great as in the case of fresh material
taken from the body (1). Likewise embryonic tissue can be cultured and successfully
grown in vitro (2).
Frog muscle at room temperature has a maximum respiration immediately after excision
and then declines to a constant level (3). At 0°C. the respiration of suspensions of muscle
remains unaltered for one and a half hours and then diminishes to almost zero after twenty-
four hours (4). In rat muscle the respiration reaches a maximum an hour after excision
and then declines for five or six hours to zero when kept at room temperature (3). Muscle
brei from dogs, cows, lambs and horses loses its respiratory activity several hours after ex-
cision, but the liver brei from the same animals retains its respiratory activity intact even
after twenty hours or more (5).
In determinations of 02 consumption after 20, 40, 60 and 80 minutes, muscle becomes
most rapidly exhausted, liver less and spleen least (6). The respiration of liver, heart or
diaphragm markedly decreases after a few hours on ice, whereas, the respiration of kidney
cortex and medulla after one to three hours is either unchanged or even greater than in the
fresh condition (7).
If tumor tissue is actually frozen with liquid air, the glycolytic property disappears
and the tissue cannot be transplanted (1). Likewise rat heart, liver, kidney, lung, spleen
and testes lose the ordinary 02 utilization by freezing with liquid air, but the enzyme sys-
tem converting succinic to fumeric acid remains intact (8).
This report covers a study of the respiration of guinea pig skin immediately
after excision and after a day or more in the icebox, with comparable studies
on the liver and the kidney.
EXPERIMENTAL
The largest lobe of the liver, the kidneys, as well as the skin from the ears
of a full grown female guinea pig, were used in all experiments. The animal
was killed by a sharp blow on the base of the skull and the tissues were removed
immediately and placed in Ringer phosphate-dextrose (0.2 per cent dextrose,
pH 7.3) solution. A control experiment was run on the fresh tissue and the
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remaining tissues were stored in the icebox at 4°C. in the Ringer solution, until
used. Immediately before testing the 02 consumption of the tissue, the skin
was carefully cleaned of all fat and cartilage and cut into small sections, approx-
imately 1 mm. square and placed in the manometer flasks. The liver and kid-
neys were sliced into very thin sections and likewise placed in the manometer
flasks. The respiration was measured at 37.5°C. in air by Warburg-Barcroft
manometers, with the method described for animal skin and liver by Cooke,
Kreke and Nutini (9). Seven manometers were used in the experiments, two
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TISSUES STORED SEPARATELY TISSUES STORED TOGETHER
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each for the three organs and one for thermo-barometric control. The tissues
were always prepared as quickly as possible before they were placed in the
manometer bath. After an equilibrium period of fifteen minutes, the 02 con-
sumption was measured during a two hour period; readings were taken at least
once an hour and oftener if necessary. The tissue was then carefully removed
from the flasks, washed in distilled water and dried to constant weight at 100°C.
Approximately 20 mg. (dry weight) of skin, 15 mg. of liver and slightly less than
10 mg. of kidney tissue were used in each manometer flask. Less kidney tissue
was used than the other tissues because it has a very high rate of respiration.
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The respirations are expressed in terms of Qo, i.e., cubic millimeters of oxygen
absorbed per milligram of tissue (dry weight) per hour.
The tissues were stored in glass jars with tightly fitting screw caps and well
covered with the Ringer solution. The volume of the air space in the jars was
kept equal to, if not larger than, the volume of the solution. No arrangement
was made for absorbing the CO2 given off by the tissues during the storing, for as
Loser (10) pointed out, the presence of CO2 stabilizes the rate of 02 uptake of
tissues in the presence of substrate for several hours and safeguards their ability
to oxidize substrate; and in the absence of CO2 the maximum activity of the
tissue slices is maintained for only a comparatively short time.
In some of the experiments the tissues were stored in separate containers.
In others, as a check on the possibility of bacterial growth in the case of the skin,
the three tissues were stored together. When the tissues were kept longer than
one day, the Ringer solution was changed daily.
An experiment was carried out to determine the effects of freezing. Here
the respiration of the organs was determined immediately after removal from
the animal as in the other experiments; then the tissues were quickly frozen
with carbon dioxide snow on a freezing microtome. The tissues were then
thawed in Ringer solution and the respiration again determined.
A summary of the results is given in table 1.
DISCUSSION
An examination of the data in the table shows that the order of survival is
skin, kidney, liver, when the organs are stored separately. The skin respiration
remains practically undiminished for three days, while the liver respiration is
approximately one half of the original respiration after only one day. The
kidney survives much better than the liver, but it too begins to decline after the
second day. The results seem logical, for one would expect skin, which is di-
rectly subjected to changes in environmental temperature, to survive better
than the internal organs. Similarly, the kidney, whose function is to eliminate
toxic materials, should survive the toxic products formed during storage better
than liver. The experiment in which the tissues were frozen showed that within
experimental error the respiratory process was destroyed by freezing.
It is interesting to note that when the organs are stored together skin does not
survive much better than liver; and that the kidney also shows less vitality,
although not so marked as skin. It seems probable that either liver or kidney
or the combination of the two, produces some material which is also toxic to
skin. Experiments were performed in which one specimen of skin was stored
with liver and another with kidney, in an effort to determine which of the viscera
produced the toxic material. The results were quite variable, however, and
no definite conclusions could be drawn. Also, some of the solution in which all
the organs were stored together was added to the manometer flask containing
skin which had been stored alone. The solution seemed to have no definite
effect on the respiration of the skin over the short interval of the experiment.
Since skin survives for several days after removal from the body, Doctor
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0. D. Meeker has suggested that further studies should be made regarding the
availability for graft of skin removed at operation or immediately following
death, and subsequently stored.
SUMMARY
A study of the primary respiratory process of skin, kidney and liver, kept
separately in the icebox for several days indicates that the skin respiration re-
mains approximately normal for three days before showing much change; the
kidney respiration declines slowly; but the liver respiration falls to about 50 per
cent of its initial respiration after one day. However, when the organs are
stored in the same container, the skin respiration declines very much like that
of liver. Freezing with carbon dioxide snow, as for sectioning, destroyed the
primary process of respiration in all three tissues.
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